INTRODUCTION
The presence of sterols in cigarette tobacco and cigarette smoke in the free form or as esters and bound as glycosides is well established (1:, 2, 3, 4) . However, knowledge of the quantitative transfer of the various forms of sterols from cigarette tobacco to cigarette smoke has been limited. Recently their quantitative transfer from cigarette tobacco to cigarette smoke has been studied (5"). Since the temperature at the combustion zone is approximately 6oo° C-900° C (6) , various forms of sterols found in cigarette smoke may not represent the original sterol forms of the cigarette tobaccos. Therefore, further investigation of the sterol composition of cigarette tobacco and cigarette smoke was undertaken. 1'C-Iabeled dl.olesterol and fl-sitosterol were incorporated into cigarettes and their presence in mainstream smoke was studied. In addition, a comparison was made between various forms of sterols as well as individual sterols in cigarette tobacco and their mainstream smoke.
EXPERIMENTAL
Cigarette smoking: Non-6ltered cigarettes (Code IRI) were purdtased from the University of Kentucky, Tobacco and Health Researd!. Institute, Lexington, Kentu<ky. Eadt cigarette was 85" mm in length and weighed an average of 1:.06 g. Tested cigarettes were equilibrated at 74° F temperature and 6o'/o relative humidity for 72 hr. before being used. Smoking condition provided a 2-second puff of 35" ml at 6o-second intervals. The cigarettes were smoked to a butt length of 2.3 mm. After ea.:h cigarette was extinguished. an additional puff was drawn through the system in order to collect any residual smoke. The cigarette smoke was passed directly into a series of two ice-cooled traps containing acetone.
Sterol extraction: Mainstream smoke collected in acetone was transferred to a flask. Butts and ashes from the cigarettes were collected separately and extracted with acetone for 2.4 hr. in a Soxhlet appara-
• Received for pub!i~ation: lot September, 1972. tus**. Acetone was removed in vacuo. The residues were saponified with 1 O/o of ale. H2SO..., followed by :~:o 0 /o ale. KOH. Free sterols in non-saponifiable fractions were extracted with petroleum ether and were then precipitated with digitonin to form sterol digitonides (7). The sterol content was obtained by multiplying the weight of digitonides by a factor of 0.253 (8) .
Cigarette samples: A m.Ioroform solution of dtolesterol-4-14C or fl-sitosterol-4.1'<: (Radiochemical Centre AmersharnlSearle Corporation, Ill., USA) was injected into 62. mm length of a cigarette with a Hamilton syring~*. The uc-Iabeled solution was expelled as the needle was withdrawn, and left the remaining 2.3 mm length of the cigarette uncontaminated. Chloroform was evaporated frOm the cigarettes at room temperature and cigarettes were then equtlibrated to 6o 0 /o relative humidity, The treated ends of cigarettes were smoked· in a single-port automatic smoking machine** (Cigarette Components Ltd.). Eadt sample of smoke condensates and butts was collected from 10 cigarettes, whereas the ashes to be analyzed were the combined ashes from three samples or 30 cigarettes. Two separate experiments were carried out. The 1 'C isotope treatments, smoking procedures, sterol extractions, and sterol content calculations were the same for these two experiments. However, the radioactivity was assayed in different sterol forms. In Experiment A, free sterols were regenerated from sterol digitonides by decomposing the complex with pyridine and extracting sterols into ether. Ether was removed with N2. The residue containing radioactivity of the free sterols was dissolved in toluene. In Experiment B, the radioactivity was directly assayed in a methanolic solution of sterol digitonides. The radioactivities of Experiments A and B were measured in a scintillation fluid consisting of o.0150/o of :I,4-bis-[2-(5-phenyl-oxazolyl)]-benzene (POPOP) and 0.3 °/o of 2.,5-diphenyloxazole (PPO) in toluene by a liquid scintillation spectrometer (Packard Model3375"**). All counts were corrected for background and instrument ef6ciency. The trapped smoke con· densates, butts and ashes from each sample of 1:0 ciga-H M<ntion of a trad•mark or proprieury product dooo not constitute a guarantee or warrantY of the product by the U.S. Department o£ Agri· culture, aDd does not imply its approval to the aclu•ion of other pro· ducts tbu may aho be suitable.
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rettes (non-radioactive) were also collected. Sterol extractions and isolations were performed in the same manner as with the 14C-labeled cigarettes. These samples were used for background radioactivity measurement. For the determination of different fonns of sterols (free sterol, steryl esters, and steryl glycosides), the cigarettes were smoked in a multi-port smoking machine+ (W. R. Mason and Co.). The acetone extracts from shredded leaves of :r.oo non-smoked cigarettes and trapped smoke condensates from an equal number of cigarettes smoked were used. Acetone extracts were equally divided into 3 portions. Sterols were analyzed as described by Stedman and Rusaniwskyj (7). Values for free and total sterols were obtained directly, while those of steryl esters and steryl glycosides were calculated from the three aliquots. For the determination of individual sterols (cholesterol, campesterol, B-sitosterol and stigmasterol), 200 cigarettes were smoked in a multi-port smoking machine+ (W. R. Mason and Co.). Trapped smoke condensates, butts, ashes and wrapping papers from butts were analyzed separately for sterol content. Unbumed shredded tobacco leaves from 20 cigarettes were analyzed separately and used as control. The procedures for sterol extractions and sterol isolations were the same as that described above. The individual sterols obtained from cigarette tobaccos and cigarette smoke were measured by gas-liquid chromatography (9).
RESULTS AND DISCUSSION
14C-cholesterol and 14C-P-sitosterol injected cigarettes were smoked. The activities in trapped smoke condensates, butts and ashes from mainstream smoke were determined, as shown in Table 1 . The relative amount of the three forms of sterols in cigarette 'tobacco and its trapped smoke condensate are shown in Table 2 . Fractions of free sterols and steryl glycosides were higher while the fraction of esters was lower in trapped smoke condensates as compared to unbumed cigarette tobacco. The increase of free sterols in smoke condensate that was found may have resulted from the deacylation of steryl esters. When hydrolysis of acylated steryl glycosides smoke condensates as compared to cigarette tobacco.
Comparison of four individual sterol~ (cholesterol, campesterol, stigmasterol and ~-sitosterol) was studied in cigarette tobacco and cigarette smoke (smoke condensates, butts, wrapping papers from butts). A slight increase of cholesterol was noted in smoke condensates and wrapping papers from butts. takes place at the elevated temperature during smoking, it may leave some steryl glycosides intact. It appears that the relative amounts of 3 forms of sterols in cigarette tobacco probably influences the transfer into the smoke condensate. GLC analysis of four sterols is shown in Table 3· A slight increase of cholesterol was found in trapped smoke condensates and wrapping paper from butts. The higher volatility of endogenous cholesterol in this study was in accord with the observation of higher transfer of 14C-labeled cholesterol than 14C-labeled ~-sitosterol in cigarette tobacco smoke.
ZUSAMMENFASSUNG

SUMMARY
Cholesterol-4-14 C and ~-sitosterol-4-14 C were incorporated into cigarettes and their presence in mainstream smoke was studied. 
